Objectives: To provide insight into the contributions of exposure measurements to job exposure matrices (JEMs), we examined the robustness of an association between occupational benzene exposure and non-Hodgkin lymphoma (NHL) to varying exposure assessment methods. Methods: NHL risk was examined in a prospective population-based cohort of 73 087 women in Shanghai. A mixed-effects model that combined a benzene JEM with >60 000 short-term, area benzene inspection measurements was used to derive two sets of measurement-based benzene estimates: 'job/industry-specific' estimates (our presumed best approach) were derived from the model's fixed effects (year, JEM intensity rating) and random effects (occupation, industry); 'calibrated JEM' Annals of Work Exposures and Health, 2017, Vol. 61, No. 1 57 estimates were derived using only the fixed effects. 'Uncalibrated JEM' (using the ordinal JEM ratings) and exposure duration estimates were also calculated. Cumulative exposure for each subject was calculated for each approach based on varying exposure definitions defined using the JEM's probability ratings. We examined the agreement between the cumulative metrics and evaluated changes in the benzene-NHL associations. Results: For our primary exposure definition, the job/industry-specific estimates were moderately to highly correlated with all other approaches (Pearson correlation 0.61-0.89; Spearman correlation > 0.99). All these metrics resulted in statistically significant exposure-response associations for NHL, with negligible gain in model fit from using measurement-based estimates. Using more sensitive or specific exposure definitions resulted in elevated but non-significant associations.
Introduction
In population-based epidemiologic studies, retrospective estimates for occupational exposures are often obtained using generic, or population-level, job exposure matrices (JEMs) that link the participants' work histories to exposure decisions assigned based on standardized occupation and industry classification systems. The JEM's exposure estimates are typically derived using expert judgment (Kromhout and Vermeulen, 2001) , with exposure measurements becoming more commonly used to anchor the experts' estimates (Vincent and Jeandel, 2001; Pukkala et al., 2005; Kauppinen et al., 2009) .
To develop a more systematic, transparent, rigorous, and reproducible use of measurements with JEM estimates, a novel mixed-effects statistical model framework was previously developed to systematically combine ordinal JEM intensity estimates with measurement data (Peters et al., 2011b; Friesen et al., 2012; Koh et al., 2014) . The framework incorporated the ordinal JEM intensity estimates and calendar year as fixed-effects terms in the model and incorporated subgroups such as job, industry, and/or country as random-effects terms. The fixed-effects terms were used to assign measurement levels to the JEM ordinal ratings across time. The random-effects terms were used to obtain the 'best linear unbiased predictors' (BLUPs) for each subgroup, which were used to modify the JEM estimate to calculate subgroup-specific estimates. The BLUPs work as a shrinkage estimator that pulls the subgroup estimate (i.e. job, industry, and/or country-specific estimate) towards the group estimate (i.e. JEM rating estimate) when data are sparse or when within-subgroup variability is large and towards the subgroup estimate when data for that subgroup are plentiful and/or within-subgroup variability is small. Previous evaluations have reported Pearson correlation coefficients between cumulative subgroup-specific estimates and calibrated JEM estimates (that exclude the random effects of job, industry, and country) of 0.88 for benzene (14.8% exposed, model based on 63 221 measurements) (Friesen et al., 2012) , 0.79 for lead fume (8% exposed, 20 084 measurements) (Koh et al., 2014) , 0.84 for lead dust (4% exposed, 5383 measurements) (Koh et al., 2014) , and 0.74 for silica (24.8% exposed, 23 640 measurements) (Peters et al., 2011a) , indicating at least some differences in exposure are identified using this framework. The subgroup-specific estimates are expected to capture greater discrimination of exposure levels across subgroups than would be captured using the calibrated JEM estimates alone and are expected to reduce exposure misclassification and improve our ability to detect exposure-disease associations. In the absence of a gold standard of exposure, the improvements obtained by using these presumably more refined estimates can be examined indirectly through sensitivity analyses Loomis et al., 1999; Heederik and Attfield, 2000; Peters et al., 2011a Peters et al., , 2012 .
In this article, our objective was to obtain insight into the contribution of these JEM refinements by examining the robustness of a benzene-non-Hodgkin lymphoma (NHL) association to varying JEM-based methods of assigning cumulative benzene exposure. For a population-based prospective cohort of Shanghai women, the above-mentioned mixed-effects model framework (Friesen et al., 2012) was used to obtain job/industryspecific estimates of historical occupational benzene exposure previously used by Bassig et al. (2015) in analyses examining the cohort's risk of NHL. Bassig et al. reported significant trends in NHL risk with increasing cumulative benzene exposure levels (trend P-value = 0.005), with a hazard ratio (HR) of 2.16 [95% confidence interval (CI): 1.17, 3.98] for the highest exposure tertile. In the sensitivity analyses reported here, we compared alternative exposure assessment approaches to our previously used and presumed best measure, the job/ industry-specific estimates. These additional approaches ranged from using exposure duration without regard to exposure intensity, using the JEM alone without incorporating measurements, and using the mixed-effects model framework to calculate calibrated JEM estimates. We also examined the robustness of associations with NHL for more sensitive and specific definitions of benzene exposure based on the probability ratings from the JEM. In this article, we focus on what we can learn about the exposure assessment process and the contributions of the measurements. We refer the reader to Bassig et al. (2015) for discussions on the plausibility of the benzene-NHL association and the strengths and limitations of the epidemiologic study design.
Methods

Study population
The study population comprised 73 087 women from the SWHS prospective cohort (n = 74 942) who had no prevalent cancer at baseline and who had a valid occupational history (Zheng et al., 2005; Bassig et al., 2015) . These women were aged 40-70 years who were living in urban Shanghai during study enrollment between 1996 and 2000 (participation rate 92.7%). The participants completed interviewer-and self-administered questionnaires with components for demographic characteristics, lifestyle habits, medical history, and residential history. In addition, lifetime occupational histories were collected using the self-administered questionnaire for participants up until their year of entry into the cohort. Occupational history data were not available during the follow-up period; however, only ~2% of the overall cohort still had a benzene-exposed job at baseline. The reported jobs and industries were coded to the 1982 Standard Chinese Classification of Industries and Occupations for the third national census. Incident cases of NHL [102 incident cases, International Classification of Diseases, Ninth Revision (ICD-9) codes: 200, 202, 204.0-204.1] and other cancers as well as vital status were identified through annual linkage to Shanghai cancer and vital statistics registries and from in-person follow-up questionnaires conducted every 2-3 years and were coded based on the ICD-9. Follow-up for this study was completed through 2009. The mean age at baseline for women in the benzene analysis was 52 (± 9) years, and the mean attained age at the end of the follow-up period was 64 (± 9) years. All participants provided informed consent, and the study protocols were approved by each participating institution's institutional review board.
Exposure assessment
Annual benzene exposure estimates corresponding to each subject's employment year obtained from the occupational histories were calculated using several approaches. The foundation for all estimates was a benzene JEM that comprised two separate JEMs, one based on occupation (Occ-JEM) and one based on industry (Ind-JEM), that were developed for this cohort by study industrial hygienists (Friesen et al., 2012) . For each standardized occupation and standardized industry code in the respective matrices, industrial hygienists assigned a probability (P), intensity (I), and frequency (F) estimate using an ordinal scale from 0 to 3. The probability ratings for both occupation and industry (P occ and P ind , respectively) were estimated as ~0, 1 = >0 to <5%, 2 = 5 to <50%, and 3 = ≥50% of workers exposed. The intensity ratings for occupation and industry (I occ and I ind , respectively) were estimated as the overall longterm average: 0, 1 = >0 to <10%, 2 = 10 to <100%, and 3 = ≥100% of the maximum allowable benzene concentration in 1980 in China of 40 mg m −3 (Yin et al., 1987) . The frequency ratings for occupation and industry (F occ and F ind , respectively) were estimated based on the average percent of the work shift exposed and were classified as 0, 1 = >0 to 10%, 2 = 10 to <50%, and 3 = ≥50% of work shift. These estimates did not account for changes over time.
Two sets of measurement-based benzene estimates that accounted for changes in exposure across time were derived from a previously described mixed-effects model (Friesen et al., 2012) . The model combined the intensity ratings from the independently developed Occ-and IndJEMs with over 60 000 short-term area benzene inspection measurements collected between 1954 and 2000 during inspections of Shanghai factories. The model terms included natural log-transformed benzene concentrations as the response variable, I occ , I ind , and a b-spline time trend as fixed-effects terms, and occupation group and industry group nested within occupation as randomeffects terms. From the model, we calculated annual 'job/ industry-specific estimates', which were used in Bassig et al. (2015) to calculate cumulative exposure, using the model parameter estimates from the fixed-effects terms and the BLUP estimates from the occupation and industry random-effects terms. We also calculated annual 'calibrated JEM estimates' (JEM Calibrated ) using only the fixed-effects terms.
A more typical approach is to use the JEM ratings alone, without incorporating the measurement data; we refer to these estimates as 'uncalibrated JEM' estimates. Because the above-mentioned benzene JEM was based on separate Occ-and Ind-JEMs, we first combined the two sets of estimates for intensity [equation (1)] and frequency [equation (2)]. These equations modified those originally described by Dosemeci et al. (1989) , who proposed a variety of calculations that depended on the occupation and the probability ratings, ranging from using the occupation rating only to using the occupation and industry rating as independent contributors of exposure. Here, for simplicity and a single treatment for all jobs, we assumed the primary driver of benzene exposure was the occupation intensity estimate and that industry was a modifier of the occupation estimate rather than an independent contributor, which was based on both expert judgment and our observations in developing the calibrated JEM. We then calculated two 'uncalibrated JEM estimates'. 'Uncalibrated JEM without frequency estimates' (JEM NoFreq ) were equivalent to the combined intensity estimates [equation (1)]. 'Uncalibrated JEM with frequency estimates' (JEM Freq ) were calculated by multiplying together the combined frequency and intensity estimates to derive a time-weighted average [equation (3)]. P occ and P ind were used only in the exposure definitions (described below).
The above approaches were used to assign annual benzene estimates only when the subject's job met a specified exposure definition that was based on the JEM probability ratings P occ and P ind ; when the criteria were not met, the benzene estimate for that job was assigned '0'. We examined three exposure definitions-primary, lenient, and strict-that were based on the combinations of P occ and P ind shown in Fig. 1 . The primary definition was used in our prior evaluations (Friesen et al., 2012; Bassig et al., 2015) . Exposure distributions for this metric according to the most prevalent exposed industries are presented in Supplemental Table 1 at Annals of Work Exposures and Health online.
Cumulative exposure estimates for each participant up to study enrollment were calculated for the primary exposure definition for exposure duration, the uncalibrated and calibrated JEM estimates, and the job/industry-specific estimates by summing the annual exposure estimates across the full occupational history. For the lenient and strict definitions, cumulative exposure estimates were calculated only for exposure duration and the job/industry-specific estimates.
Statistical analyses
Cox proportional hazard models with age as the time scale were used to estimate the HR and 95% CI for NHL risk for each cumulative benzene metric using SAS version 9.3 (Cary, NC, USA). Entry was age at enrollment; exit was the earliest of age of NHL diagnosis, age at death, or age at last follow-up. All models were adjusted for education, body mass index, ever smoking, and ever use of alcohol, and were stratified on birth cohort (in 5-year intervals) to adjust for calendar effects. OccupaƟon probability raƟng Industry probability raƟng 0: 0% workers exposed 1: >0-<5% of workers exposed 2: 5-<50% of workers exposed 3: ≥50% of workers exposed 0: 0% workers exposed Figure 1 . Three exposure definitions used to apply non-zero benzene estimates to the participants' jobs based on the probability ratings from the occupation-and industry-exposure matrices, with proportion of employed person-years. Lenient definition: all shaded cells; primary definition: medium and dark gray cells; strict definition: dark gray cells only.
Each cumulative benzene metric was examined in three ways: (i) as a categorical variable based on exposure tertiles (cut points 0, >0 to 33rd, >33rd to ≤67th, and >67th percentile); (ii) as a continuous metric incorporated as a linear term; and (iii) as a continuous term using penalized splines, where the optimal degree of smoothing was chosen based on the Akaike information criterion in R (R, version 3.0.1; R Development Core Team, Vienna, Austria) (Eisen et al., 2004) . Trends across exposure categories were examined by testing a linear continuous variable with each category assigned its median cumulative exposure. We present only unlagged cumulative exposure metrics because previous analyses showed that the 5-and 10-year lags provided similar magnitudes of risks and significant trends (Bassig et al., 2015) . We calculated the agreement between the job/industry-specific estimate based on the primary exposure definition as our reference metric and alternative metrics with varying exposure definitions using Stata/SE version 11.2 (StataCorp LP, College Station, TX, USA). The agreement between continuous metrics was examined using Pearson correlation (ρ), partial Pearson correlation (which accounted for the common component of exposure duration in each metric, ρ p ), and Spearman correlation (rho). The agreement between cumulative metrics categorized based on an ordinal four-category scale (0-3) was examined using the proportion agreement, kappa (κ), and weighted kappa based on quadratic weights (κ w ).
The impact of each cumulative metric on exposureresponse relationships was evaluated by examining the improvement in the −2 log likelihood model fit statistic between a Cox regression model with only covariates and the same model that also included the exposure metric. For categorical metrics, the P-value for trends across categories was also compared. To facilitate comparisons across metrics on different exposure scales, we report the HR and CIs for the interquartile range (IQR; 75th percentile-25th percentile) from analyses of continuous metrics.
Results
Correlation of exposure metrics
The exposure definition varied the proportion of benzene-exposed participants from 10.2% for the stricter definition (14 exposed cases) to 14.8% for the primary definition (24 exposed cases) and 27.8% for the more lenient definition (33 exposed cases) ( Table 1) .
Compared to the cumulative job/industry-specific estimates using the primary exposure definition, the JEM Calibrated estimates were the most similar (ρ = 0.89, rho all = 0.999; rho exposed = 0.87, κ w = 0.96) (Table 1) . However, moderately high to very high measures of agreement were also observed for the two uncalibrated JEM metrics (ρ = 0.76-0.80, rho all ≥ 0.998, rho exposed = 0.73-0.74, κ = 0.79; κ w = 0.94). Similarly, partial correlations adjusted for exposure duration remained high for the JEM Calibrated estimates (ρ p = 0.84) and moderately high for the uncalibrated JEM Freq (ρ p = 0.63) and JEM NoFreq estimates (ρ p = 0.67). Exposure duration was also moderately correlated with the job/industry-specific estimates (ρ = 0.61, rho all = 0.997; rho exposed = 0.64, κ w = 0.93). Agreement was moderate to moderately high for the metrics based on the strict (rho = 0.81, κ w = 0.72-0.78) and lenient exposure definitions (rho = 0.67-0.70, κ w = 0.59-0.67). Moderately high to excellent agreement was also observed when the cumulative metrics were categorized for all subjects and for exposed subjects (Table 1) .
Benzene-NHL risk
The mean age at diagnosis for the NHL cases was 65 years and the length of time between first year of exposure to benzene and NHL diagnosis was on average 38 years (range, 13-59 years). Statistically significant exposure-response trends with NHL risk were observed for all categorical and continuous metrics based on the primary exposure definition (Table 2 ). For the primary definition, HRs for the highest tertile ranged from 1.8 to 2.5, trend P-values ranged from 0.002 to 0.02, and HRs ranged from 1.1 to 1.5 for a continuous exposure equal to the IQR. For the categorical metrics, the best model fit occurred for the job/industry-specific estimates (change in model fit: 8.5 units) and the strongest trend was observed for the JEM Freq estimates (trend P-value = 0.002). For the continuous metrics, the best model fit occurred for the JEM NoFreq estimates (change: 7.9 units), the highest HR occurred with exposure duration (HR = 1.52), and the narrowest CI occurred for the JEM NoFreq estimates. When one considers that the categorical metrics required two additional degrees of freedom (i.e. approximately subtracting two from the model fit), the exposure-response relationships were stronger using the continuous metrics for the JEM Freq , JEM NoFreq , and duration metrics and stronger using the categorical metrics for the job/industry-specific estimates and the JEM Calibrated estimates. After this crude adjustment, the model fit was highest for the continuous JEM NoFreq estimates. The same patterns were observed in comparisons based on the Akaike information criterion (data not shown).
Using penalized smoothing splines to examine the shape of the exposure-response relationship for the Comparison group is the job/industry-specific estimates for the specified exposure definition group.
d Uncalibrated EM estimate incorporates the intensity metrics, but not the frequency metric. The probability metric was used in the exposure definition.
e Uncalibrated EM estimate incorporates the intensity and frequency metrics. The probability metric was used in the exposure definition. primary exposure definition, we found that a log HRlinear exposure relationship (i.e. equivalent to the analyses using the continuous metrics described above) was an appropriate characterization of the shape for the JEM Calibrated , JEM NoFreq , and JEM Freq estimates (Fig. 2) . In contrast, a log-linear relationship was rejected for the job/industry-specific estimates, where the rate of increase per unit exposure began to decrease at cumulative estimates >300 mg m −3 years. Based on this model, the HR for a continuous exposure equal to the IQR (110 mg m −3 years) was 1.44 (95% CI: 1.02, 2.01).
In analyses based on stricter and more lenient exposure definitions, exposure-response relationships were suggestive with HRs in the highest tertile of 1.3-1.7; however, no category or trend was statistically significant (Table 2 ). In addition, for the job/industry-specific estimates, the HRs for the highest tertiles were lower than that for the second highest tertile for both cumulative exposure and duration. We examined the differences between the strict and primary exposure definitions further by refining the reference group in these analyses by treating the participants who met the primary but not the strict definition as a separate group in the analyses, rather than including them in the unexposed group. This reduced the strict definition trend P-value for the job/industry-specific estimates from 0.28 to 0.21 and increased the HR for the highest tertile from 1.4 to 1.5, but no category or trend was statistically significant (not shown). These participants represented 54 115 of the 181 562 (29.8%) exposed person-years meeting the primary definition and they had a statistically significant overall increased NHL risk of 2.58 (95% CI: 1.33, 4.99). For these participants, the most prevalent industries were the rubber products and organic chemicals Figure 2 . Shape of exposure-response curves using penalized splines for different cumulative benzene metrics based on the primary exposure definition. Solid line = HR; dashed lines = 95% CIs. Vertical line represents the 90th percentile of exposed subjects. Rug lines represent cumulative exposure of NHL cases.
manufacturing industries, and the most prevalent occupation was installers or assemblers of electric and electronic equipment (Table 3) .
Discussion
Here, the benzene-NHL associations were robust to varying benzene JEM-based exposure assessment methods, with statistically significant associations observed with all metrics when our primary exposure definition was used. The similarities between approaches suggest that there was little gain in model fit from incorporating exposure measurements and capturing within-JEM differences in exposure. However, incorporating measurements provided quantitative exposure-response curves on a concentration scale, whereas the uncalibrated JEM metrics were dimensionless.
The high agreement between metrics and the similarities in the exposure-response associations based on the primary exposure definition was not surprising. These metrics were not independent because each approach incorporated exposure duration and all JEM-based metrics incorporated the same ordinal intensity ratings. As a result, moderately high to high correlations were observed between all estimation approaches. These findings were similar to the strong correlations observed between various silica exposure metrics derived using a similar model framework (Peters et al., 2011a) and consistent with the negligible to modest gains observed in previous sensitivity analyses conducted for moderately highly correlated metrics, such as the various silica estimates in a population-based study of lung cancer (Peters et al., 2012) , total chlorophenol and pentachlorophenol metrics in the sawmill industry (Friesen et al., 2007a) , and two measures of coal tar pitch volatiles in the aluminum smelter industry (Friesen et al., 2007b) . Here, the two measurement-based cumulative metrics were highly correlated with each other. The JEM Calibrated estimates had better model fit in linear continuous analyses, and the job/industry-specific estimates had better model fit in categorical analyses and higher HRs but wider CIs in analyses based on penalized splines. These differences suggest that the additional refinement to calculate job/ industry-specific estimates may have introduced some exposure misclassification, likely because of the limited number of measurements for most jobs and industries. Similarly, the uncalibrated JEM NoFreq and JEM Freq estimates were highly correlated with each other (ρ p = 0.94, κ w = 0.98) and demonstrated negligible gain from incorporating frequency. The JEM Freq estimates had slightly better model fit and exposure trends than the JEM NoFreq estimates in categorical analyses (trend P-value 0.002 versus 0.003, respectively); the opposite was found in continuous analyses.
There are two features of the exposure assessment process that may explain these striking similarities in model fit for measurement-based estimates and the uncalibrated JEM estimates, despite the fact the latter were unitless and did not capture across-rating or timespecific differences in exposure concentration. First, the ordinal Occ-JEM intensity ratings had weights of 0.32, 0.65, and 1.0 predicted by a mixed-effects model (Friesen et al., 2012) , which corresponds to weights of 1.0, 2.0, and 3.1 when divided by the lowest value, indicating that the ordinal JEM ratings of 1, 2, and 3 nearly perfectly represented the measured differences between the rating categories in this study. Greater differences between the cumulative estimates would likely have been observed if the measurement-based weights between ratings had not paralleled the weights applied to the uncalibrated JEM ratings. Second, participants in the highest tertile of any cumulative metric were generally those with the longest exposure duration, which would include the time periods with the highest exposure concentrations. As a result, accounting for the exposure time trend in the measurement-based estimates-and ignoring it in the uncalibrated JEM estimates-had less influence on the cumulative exposure estimates than might be expected for a 13-fold exposure decline over four decades. This also accounts for the strong benzene-NHL associations observed here with duration of exposure.
The benzene-NHL associations varied by exposure definition. Associations were inconclusive using a more lenient exposure definition. This is consistent with previous findings that sensitive, rather than specific, exposure definitions can result in attenuated exposure-response associations when unexposed participants are characterized as exposed (Dosemeci and Stewart, 1996; Kromhout and Vermeulen, 2001 ). Contrary to expectations, associations were also weak when using a strict definition. This suggests that either the power to detect a difference was too limited compared to the primary definition (14 versus 24 exposed cases) or, more likely, that the JEM assignments of probability may have been incorrect for some occupations or industries. The latter is supported by the finding that the participants meeting the primary but not strict definition had a statistically significantly elevated NHL risk of 2.6 (reported in Results section), which suggests that important benzene exposure scenarios were likely missed in the strict definition. While our previous efforts used the exposure database to calibrate the JEM intensity estimates, it may be possible in future work to use the database to also improve the JEM probability estimates.
The strengths of this study included the large database of benzene measurements spanning over four decades that was used to calibrate the JEM and develop job/industry-specific estimates, combined with over 100 incident NHL cases from a prospective populationbased cohort study, which allowed us to evaluate the robustness of exposure-response relationships to varying methods of assigning exposure. Limitations included the inability to examine associations by NHL subtype, the lack of a gold standard with which to compare the varying exposure assessment approaches, and lack of subject-specific information on work activities beyond broad occupation and industry group. As a result, we were unable to capture the within-job exposure variability experienced by subjects performing different work tasks or under different workplace conditions within the same occupation group. The measurement data used here has many limitations, which were previously reported (Friesen et al., 2012; Koh et al., 2014) . Briefly, the measurements were short-term, area measurements, which can both overestimate and underestimate personal exposure concentrations depending on the proximity of the sampler to the worker and the variability in work activities. The monitored facilities included in the Shanghai exposure database may not be representative of the facilities in which the study subjects worked. The predicted concentrations were lower than reported in a multiindustry benzene cohort study (Dosemeci et al., 1994) or in other studies where measurements were collected during surveys investigating benzene-poisoning events or in workplaces targeted because of known high exposure levels (Friesen et al., 2012) . We were also unable to account for differences in exposure due to changes in sampling and analytical methods; however, prior sensitivity analyses found nearly identical rank order estimates when adjustments for sampling and analytical methods were made (Friesen et al., 2012) . Because of the lack of gold standards, the risk per unit dose estimates should be interpreted cautiously. In addition, there is no standard approach for combining occupation and industry intensity ratings and thus used both expert judgment and empirical evidence from the available benzene measurements to derive our conceptual framework for calculating the uncalibrated JEM estimates. Finally, as has been discussed previously (Bassig et al., 2015) , we lacked data on potential co-exposures in the workplace such as other types of solvents that have been suggestively associated with NHL risk. However, this limitation may be mitigated by the fact that the SWHS includes participants with an employment history consisting of diverse industries and job tasks. Therefore, the presence of a common confounder across industries that would influence the NHL association to the extent of the observed magnitude in our population-based cohort may be less likely compared to an occupational cohort that includes limited diversity in employment histories.
In this study, the gains from including measurements were small, and the benzene-NHL associations were robust to varying benzene metrics, providing support for the ability of JEM-based approaches to identify subjects with broad contrasts in exposure that can be useful in identifying exposure-disease associations. However, using the measurements provided a mechanism with which to obtain quantitative exposure-response curves. In this study, the lack of improvement in the exposureresponse relationship by using measurements rather than using the JEM on its own may be an artifact of the study-specific features discussed above. Thus, the influence of incorporating exposure measurements into JEMs on exposure-response associations warrants additional evaluations in other settings and for other exposures.
Supplementary Data
Supplementary data are available at Annals of Work Exposures and Health online.
